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ABSTRACT 
E
valuation 
of 
LANDSAT-1, 
b*?d 
5 d
ata fo
r u
s
e
 in
 e
stim
ation of 
v
egetative biom
ass fo
r ra
nge m
a
n
agem
ent decisions w
a
s 
c
a
r
ried o
u
t fo
r 
fiv
e s
elected 
ra
nge 
site
s in
 th
e S
andhills region of N
ebraska. 
A
naly- 
sis of 
s
e
ts
 of 
o
p
tical density-vegetative 
biom
ass data indicated th
at 
c
o
nparisons of biom
ass 
e
stim
ation c
o
uld be m
ade 
w
ithin o
n
e
 fram
e but 
n
o
t betw
een fram
es w
ithout 
c
o
r
r
e
c
tion factors. 
T
here w
a
s
 high c
o
rre
- 
latio
n
 am
o
ng 
sites w
ithin s
e
ts 
o
f 
r
adiance v
alue-vegetative biom
ass 
data a
nd also betw
een 
s
e
ts, indicating c
o
m
parisons 
of biom
ass 
c
~
l
d
 
be 
m
ade 
w
ithin a
nd betw
een fram
es. 
L
andsat-1 data a
r
e
 show
n to
 be 
a
 
viable altern
ativ
e t
o
 c
u
r
r
e
n
tly u
s
ed m
ethods 
of determ
ining 
v
egetative 
biom
ass production 
a
nd 
sto
cking r
a
te
 re
c
o
m
m
e
ndations fo
r S
andhills 
ra
nge land. 
INTRODUCTION 
E
stim
ates 
of 
v
egetative biom
ass from
 
r
eflectance data a
cquired by 
aircraft a
nd 
s
a
tellites have been 
e
v
aluated by 
a
 
n
u
m
ber 
of investigators. 
In
 general, 
these 
studies indicate th
at e
stim
ates of 
v
egetation density 
based 
o
n
 
r
eflectance data a
re
 
c
o
m
plicated by facto
rs a
s
s
o
ciated w
ith 
the v
egetation itse
lf, 
a
nd 
w
ith th
e u
nderlying 
s
o
il w
hen 
v
egetation 
does n
o
t c
o
v
e
r th
e 
s
o
il s
u
rface c
o
m
pletely. 
R
eflectance is
 influenced by th
e kind a
s
 w
ell a
s
 th
e density of 
v
egetation. 
T
hus, 
differences in
 r
eflectance w
e
r
e
 u
s
ed by L
aver 
a
nd 
K
rum
pe (I) to
 distinguish sta
nds 
of 
w
o
ody 
species a
nd herbaceous 
species, 
a
nd by T
u
eller, 
e
t a
l., 
(2) 
to
 distinguish the v
a
rious v
egetation types 
in
 N
evada. 
W
e have 
observed th
a
t pure 
sta
nds of d
ifferen
t g
rass species 
m
ay be differentiated 
o
n
 high-altitude 
c
olor-infrared photography. 
W
iegand 
(3) dem
onstrated 
r
elationships betw
een 
r
eflectance 
m
e
a
s
u
red 
in
 m
ultispectral 
s
c
a
n
n
e
r (M
SS) bands 
of LAEIDSAT-1 
a
nd 
v
egetation den- 
sity
 in
 given 
sta
nds of know
n 
c
rops. 
In
 th
e c
a
s
e
 of 
m
ixed 
ra
ngeland 
v
egetation, how
ever, 
e
stim
ates of 
v
egetative biom
ass 
m
ay 
be 
c
o
m
plicated 
by differences in
 p
lan
t 
species a
s
 w
ell a
s
 v
egetation density. 
A fu
rth
er 
c
o
m
plexity in
 e
stim
ating v
egetative biom
ass involves 
the m
ultiple layers of 
v
egetation described by P
earson 
a
nd M
iller (4). 
The 
m
a
sking 
of 
a
 
short-grass 
layer by 
a
 
m
id- 
o
r
 tall-g
rass 
layer is a
 
p
o
ssib
ility
 in
 m
ixed-species 
ra
ngeland. 
In addition, 
th
e presence 
of 
c
o
n
tinuous 
v
egetative 
c
o
v
e
r 
c
a
n
 m
ake layering a
 m
o
re
 
c
ritic
a
l facto
r 
than in
 a
r
e
a
s
 
w
here 
v
egetation is less dense. 
In
 
a
r
e
a
s
 w
here 
v
egetation 
c
o
v
e
r is
 discontinuous, how
ever, 
r
eflec- 
ta
n
c
e
 
ch
aracteristics 
of 
th
e s
o
il s
u
rface m
ay be 
a
 
c
o
m
pl~
cating facto
r 
in
 e
stim
ating v
egetative biom
ass. 
For 
e
x
a
m
ple, 
it has been 
show
n 
re
- 
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peatedly th
at r
eflectance from
 
a
 
s
o
il 
s
u
rface is
 influenced by 
th
e 
m
oisture c
o
n
te
n
t 
of 
th
e s
u
rface. 
M
oreover, M
athew
s 
e
t 
al. 
(5) 
found 
th
at th
e r
eflectance from
 
s
u
rface s
o
il is 
also
 influenced by 
th
e a
m
o
u
nt 
of 
clay, 
s
ilt a
nd 
o
rganic m
a
tte
r in
 th
e s
o
il. 
The purpose o
f th
is paper is
 to
 discuss th
e u
s
e
 
of M
SS d
ata a
c
- 
quired by 
LANDSAT-1 
in
 e
stim
ating v
egetative biom
ass in
 th
e S
andhills 
ra
ngeland 
of N
ebraska, 
a
nd to
 show
 th
e r
elatio
n
sh
ip
 of 
these e
stim
ates 
to
 ra
nge 
m
a
n
agem
ent decisions. Study A
rea 
The S
andhills r
egion of N
ebraska 
e
n
c
o
m
passes about 52,000 
square 
kilom
eters (20,000 
square m
iles) 
of 
ra
ngeland. 
C
ertain ch
aracteristics 
of 
th
e r
egion te
nd to
 m
inim
ize p
o
ten
tial c
o
m
plexities in
 e
stim
ating v
ege- 
ta
tiv
e biom
ass from
 r
eflectance d
ata a
cquired by L
andsat-1. 
The 
r
egion is dom
inated by dunes a
nd intervening 
v
alley
s c
o
m
posed 
of 
e
olian 
s
a
nd a
nd 
stab
ilized
 by grasses a
nd grass-like plants. 
S
o
ils 
form
ed in
 th
e w
ind-sorted 
s
a
nds a
r
e
 
r
elativ
ely
 
u
niform
 
a
nd 
c
o
n
tain m
o
re 
than 85 percent 
s
a
nd o
v
e
r approxim
ately 85 percent 
of 
th
e region. 
L
a- 
c
ally
, 
s
o
ils c
o
n
taining 50 to
 85 percent 
s
a
nd o
c
c
u
r in
 v
alleys 
a
nd 
a
r
e
 
o
ften
 characterized by 
n
e
a
r-s
u
rface 
w
ater tab
les 
a
nd 
c
o
n
tinuous 
v
egeta- 
tio
n
 in
 re
sponss t
o
 s
ubirrigation. 
B
ecause 
of 
th
e r
apid in
filtratio
n
 a
nd perm
eability 
of 
th
e s
a
ndy 
s
o
ils, th
e s
o
il s
u
rface is
 n
o
rm
ally dry in
 a
 
m
atter 
of hours follow
ing 
r
ain
 
show
ers, 
e
v
e
n
 in
 s
ubirrigated v
alleys w
here th
e w
ater 
tab
le is
 
w
ithin th
e low
er portion 
of 
th
e ?o
il p
ro
file. 
T
hus, 
th
e p
o
ssib
ility
 
of 
w
e
t s
u
rface s
o
il a
s
 a
 facto
r influencing 
r
eflectance is m
inim
ized. 
V
ery few
 p
lan
t 
species 
a
r
e
 u
nique to
 sp
ecific s
o
ils o
r 
ra
nge 
site
s w
ithin th
e S
andhills r
egion, 
e
x
c
ept in
 w
etland 
a
r
e
a
s
 w
here 
r
ela- 
tiv
ely
 pure 
sta
nds of 
w
a
te
r-tolerant 
species 
o
c
c
u
r. 
A
lthough th
e n
a
tiv
e 
v
egetation 
c
o
n
sists of 
a
 
m
ixture 
of 
species including 
short- 
a
nd 
m
id- 
grasses, th
e d
istrib
u
tio
n
 a
nd density of 
ra
ngeland p
lan
ts is 
s
u
ch th
at 
r
eflectance is n
o
t generally influenced by 
m
ultiple layers of 
v
egeta- 
tion. V
egetation 
s
u
rv
eys indicate a
 
r
elativ
ely
 high 
c
o
n
stan
cy (percen- 
tage of 
site
s o
n
 w
hich 
a
 given 
species is found) 
fo
r th
e m
ajor forage- 
producing 
species. 
W
oody p
lan
ts 
a
r
e
 r
elativ
ely
 in
sig
n
ifican
t w
ithin 
th
e n
a
tive 
v
egetation. 
C
onsequently, 
the r
elativ
e n
o
n
-s
egregation 
of 
species m
inim
izes 
th
e influence o
f 
species differences o
n
 
r
eflectance 
v
alues. 
M
ethods 
F
ive 
s
slected
 ra
nge 
site
s w
e
re
 
sa
m
pled during th
e fa
ll of 
1972 
a
nd fron Y
ay 
through O
ctober 
of 1973 a
nd 1974. 
V
egetation w
ithin 
a
 
quadrat 
o
n
e
 
square m
eter in
 size a
t
 e
a
ch 
site
 w
a
s 
clipped 
w
ithin th
ree 
days 
of 
s
elected o
v
e
rpasses 
of 
LA
XDSAT-1. 
D
ry 
w
eights 
of 
th
e 
s
a
m
ples 
a
s
 
w
ell 
a
s
 field
 observations 
r
elated
 to
 ra
nge 
c
o
ndition w
e
re
 
obtained 
fo
r 
e
a
ch 
site
. 
Imagery from MSS band 
5 
a
cquired by 
Landsat-1 for the test 
sites 
w
a
s
 
e
v
aluated by 
optical density 
m
e
a
s
u
r
e
m
e
nts 
of 
1.:1,000,000 
positive 
transparencies u
sing 
a
 McBeth densitometer. 
Readings 
r
epresented 
a
v
e
r
-
 
age 
optical densities for ground 
a
r
e
a
s
 of 
approximately 60 hectares 
(150 a
c
r
e
s), 
w
ell 
within the Boundaries 
of the (600-1000 a
c
r
e) 
240- 
400 hectare 
m
a
n
agement 
u
nits 
studied. 
Correlation 
c
o
efficients w
e
r
e
 
then 
c
alculated for the 
r
e
s
ulting 
s
ets of 
optical density-vegetative 
biomass data. 
In addition, printouts from 
c
o
mputer c
o
mpatible tapes of 
r
adiance 
v
alues for M
SS 
band 
5 
w
e
r
e
 
u
s
ed to obtain 
a
n
 
a
v
e
r
age r
adiance v
alue for 
a
n
 a
r
e
a
 9
 to 18 hectares (22 to 44 a
c
r
e
s) in 
size at 
e
a
ch test 
site. 
Averages 
of 20 t
o
 40 picture 
elements 
w
e
r
e
 determined for 
e
a
ch 
site. 
These 
a
v
e
r
age 
r
adiance v
alues w
e
r
e
 then 
u
e
ed 
to 
c
alculate 
c
o
r
r
elation 
c
o
efficients for the 
r
e
s
ulting 
s
ets 
of 
r
adiance 
v
alue-vegetative bic- 
m
a
s
s
 data. 
Results 
Vegation 
o
n
 the five sites 
c
o
n
sisted 
of mixtures 
of 
short- 
a
nd 
mid-grasses, 
although the mid-grasses 
tended to increase 
a
s
 
r
a
nge 
c
o
n
-
 
dition improved. 
Several species w
e
r
e
 
c
o
m
m
o
n
 to 
all 
sites: 
Calomovilfa 
lon ifolia (prairie 
s
a
ndreed) 
S
 
o
r
obolus 
c
ryptandrus (sand d
r
o
p
s
~
e
d
r
 
h
9
r
a
c
i
l
i
s
 (blue g
r
a
&
a
]
b
a
 
-
-
 
c
rl s
t
a
t
T
T
p
r
airie junegrass) .
 
a
nd Carex 
species. 
Poa 
c
o
mpressa (Canada bluegrass) 
w
a
s
 found 
o
n
 
o
nly two 
of the 
s
ctes, while 6
K
l
Z
e
r
g
i
a
 pungcns (sandhills m
uhley) 
w
a
s
 found 
.
 
.
 
o
nly 
o
n
 
o
n
e
 
site. 
~
i
v
e
 vegetation 
c
o
n
stituted from 11 to 39 percent 
of 
the plant 
c
o
v
e
r
 
o
n
 
the five 
sites. 
The high 
c
o
r
r
elation c
o
efficients obtained for the 
s
ets of 
r
adi- 
a
n
c
e
 
v
alue-vegetative biomass data 
from the f i.vc test 
sites indicated 
that 
r
eliable 
e
stimates 
of 
v
egetative biomass 
c
a
n
 be 
m
ade 
from MSS band 
5 data 
obtained 
within the Sandhills r
egion. 
iIowever, greater 
v
a
ria- 
tion 
e
xisted 
a
m
o
ng 
c
o
r
r
elation c
o
efficients for 
s
e
t
s
 of 
optical density- 
v
egetative biomass data than 
a
m
o
ng 
c
o
r
r
e
sponding 
s
ets 
of 
r
adiance 
v
aluc- 
v
egetative biomass data. 
T
able 1
 shows 
a
 
r
elatively 
wide 
r
a
nge 
of 
c
o
r
r
elation 
c
o
efficients 
from 
.20 to 
.94 for the 
s
ets of 
optical density-vegetative biomass data. 
A 
c
oinposite 
a
n
alysis of 
these 1973 data 
s
ets 
r
e
s
ulted in 
a
 low 
n
ega- 
tive 
c
o
r
r
elation 
c
o
efficient 
(-.20,. 
In 
c
o
ntrast, Table 2 
shows 
r
ela- 
tively high 
c
o
r
r
elation 
c
o
efficicntz 
r
a
nging from 
-
.79 
to 
-
.93 
for 
th
e 
s
ets 
of 
r
adiance v
alue-vegetative biomass data. 
In 
addition, the 
c
o
r
-
 
r
elation 
c
o
efficient for 
a
 
c
o
mposite 
a
n
alysis 
of 
the 1972-1974 data 
w
a
s
 high 
(-.85). 
Discussion 
Statistically, thc data in Tablc 
2
 inc1icat.e high 
r
eliability for 
r
e
m
otely 
s
e
n
s
ed 
e
stimates 
of 
v
egetative biomass in 
the Sandhills r
egion 
u
sing 
r
adiance 
v
alues in band 
5 irom 
c
o
mputer 
c
:
o
mpatible 
tapcs. 
The 
close 
r
elationships obtained for thc 
s
ets 
of 
r
adiance v
aluc-vrgctative 
biomass data in 
c
o
mparison 
with 
the 
s
ets 
of 
optical dcrbsity-vegctdtive 
biomass data proSaSly 
r
e
s
ult from thc 
s
m
allcr 
n
nd 
m
o
r
e
 
u
niform 
qround 
a
r
e
a
s
 m
e
a
su
red fo
r radiance v
alues 
a
s
 opposed to
 the larger 
a
nd less 
u
niform
 ground 
a
r
e
a
s
 m
e
a
su
red for o
p
tical density. 
In
 addition, the r
elatively high 
c
o
r
r
elation 
c
o
efficient fo
r the 
c
o
nposite a
n
alysis of 
the s
e
ts of 
radiance v
alue-vegetative biom
ass 
data (-.85) 
s
uggest th
at v
alid c
o
m
parisons c
a
n
 be 
m
ade 
of 
radiance 
v
alues obtained 
o
n
 different dates by 
LANDSAT-1. 
C
orrelation 
c
o
effi- 
cients for the s
e
ts of 
optical density-vegetative biom
ass data indi- 
c
a
te
 th
at c
o
m
parisons of 
optical densities w
ithin 
a
 LANDSAT 
fram
e 
a
r
e
 
v
alid, but the low
 c
o
r
r
elation c
o
efficient for the 
c
o
m
posite 
a
n
alysis 
of these data s
uggests th
at v
alid 
c
o
m
parisons of 
o
p
tical density o
n
 
fram
es 
a
cquired 
o
n
 different dates c
a
n
n
o
t be m
ade 
w
ithout 
application 
of 
c
o
r
r
e
c
tion factors. 
O
ther investigators have 
u
tilized r
a
tio
s of 
radiance v
alues, 
u
s- 
u
ally betw
een band 5 a
nd band 
6
 o
r
 7, 
to
 e
stim
ate v
egetation density 
o
r biom
ass (3, 6). 
T
hese 
r
a
tio
s c
o
r
r
elate w
ith 
*greenu bianass a
nd 
a
r
e
 influenced by 
n
e
a
r-infrared 
r
eflectance in
 band 6
 o
r
 7 fran vigor- 
o
u
s
, 
healthy, green 
plants a
s
 w
ell a
s
 visible red 
r
eflectance in
 band 
5. 
In the S
andhills ra
ngeland, how
ever, 
m
oisture stre
ss m
ay 
reduce 
n
e
a
r-infrared 
r
eflectance fran the v
egetation 
a
nd thus indicate a
 de- 
c
r
e
a
s
e
 in
 v
egetative biom
ass, 
N
evertheless, 
ra
nge plants 
u
nder m
ois- 
tu
re
 stre
ss a
r
e
 legitim
ate s
o
u
rc
e
s
 of 
forage, 
a
nd 
v
egetative biom
ass 
does n
o
t n
e
c
e
s
s
a
rily decrease during periods 
of 
m
oisture 
stre
ss. 
O
ur 
r
e
s
u
lts indicate th
at e
stim
ates 
of 
v
egetative biom
ass in
 the S
andhills 
region 
u
sing 
radiance v
alues in
 band 
5 alone involve 
a
 balance betw
een 
the absorption 
of 
visible red lig
h
t by liv
e plant tissu
e a
nd the r
eflec- 
tan
ce of 
v
isib
le red lig
h
t by 
e
xposed 
sa
ndy 
s
oil. 
Since 
ra
nge 
m
a
n
agem
ent involving 
a
nim
al 
sto
cking r
a
te
s is based 
o
n
 the forage producing 
c
apability of 
individual m
a
n
agem
ent 
u
nits, 
e
stim
ates of 
v
egetative biom
ass w
ithin m
a
n
agem
ent 
u
nits a
r
e
 im
portant 
for m
a
n
agem
ent decisions. 
Two 
site
s w
e
re
 
s
elected from
 the five site
s 
studied in
 the S
andhills region to
 illu
strate m
a
n
agem
ent practices 
a
nd 
to
 show
 
m
a
n
agem
ent decisions based 
o
n
 
traditional field
 e
stim
ates of 
forage production in
 c
o
m
parison 
w
ith
 s
a
tellite e
stim
ates of 
v
egetative 
biom
ass. 
O
ne 
of 
these sites (Site A) 
w
a
s 
n
o
t grazed o
r
 m
ow
ed during the 
grow
ing 
s
e
a
s
o
n
 
of 
1973. 
T
h
is perm
itted d
irect m
e
a
su
re
m
e
nt 
of 
the m
ax
- 
in
m
 production 
of 
v
egetative biom
ass. 
C
lipping data 
obtained from
 
S
ite A 
a
t
 intervals during the grow
ing 
s
e
a
s
o
n
 show
ed 
a
 typical 
c
u
rv
e
 
for forage production (Figure 1
). 
A 
se
c
o
nd 
site
 (Site B) 
w
a
s 
s
ubjected to
 grazing by livestock dur- 
ing the grow
ing 
s
e
a
s
o
n
 
s
o
 th
at 
a
 portion 
of 
the v
egetative biom
ass 
w
a
s 
re
m
o
v
ed from
 th
e
 site
. 
Thus, 
m
axim
um
 production 
of forage 
c
o
uld 
n
o
t 
be m
e
a
su
red 
a
t S
ite B
, 
but w
a
s judged 
o
n
 
th
e basis of 
m
axim
um
 poten- 
tia
l production 
a
nd 
a
n
 e
stim
ate of 
v
egetative biom
ass 
re
m
o
v
ed by graz- 
ing 
a
nim
als. 
The decline in
 v
egetative biom
ass 
a
t S
ite B 
after June 
1
8
, 1973, 
w
ith the e
x
c
eption of 
s
m
all increases in
 re
sponse to
 per- 
iodic r
ain 
show
ers, 
show
ed the influence 
of 
grazing in
 re
m
o
ving 
v
ege- 
ta
tiv
e biom
ass (Figure 1
). 
D
ata 
obtained 
a
t
 S
ites A 
a
nd B w
e
re
 
c
o
m
pared 
w
ith 
ra
nge m
a
n
age- 
m
e
nt decisions based 
o
n
 field
 c
riteria developed by 
th
e S
oil C
onser- 
v
a
tion S
ervice (SCS, USDA) 
through 
e
x
ten
sive 
e
xperience w
ithin the 
S
andhills region. 
S
ite A
 
show
ed good 
agreem
ent betw
een 
v
egetative 
biom
ass 
m
e
a
su
red by 
clipping a
nd the re
c
o
m
m
e
nded 
sto
cking 
r
a
te
. 
C
lip- 
ping data from
 th
is site
 show
ed 
a
 
m
axim
um
 production 
of 1665 kilogram
s 
of 
v
egetative biom
ass per hectare (1480 lb. 
per A). 
R
ecom
m
ended 
m
a
n
aga- 
m
e
nt fo
r th
is site
 a
c
c
o
rding to
 SCS 
c
riteria involved the 9
~
tilizatio
n
 
of 
o
n
e
-fourth 
of th
e m
axim
um
 production 
o
n
 o
n
e
 
a
c
r
e
 by 
o
n
e
 
a
nim
al 
u
n
it 
per 
m
o
nth. 
Thus, 
416 kilogram
s (370 lb.) 
of 
v
egetative biom
ass 
w
o
uld 
be 
u
tilized
 from
 S
ite A
 per m
o
nth 
u
nder good 
m
a
n
agem
ent. 
A
ssum
ing th
at o
n
e
 
a
nim
al 
u
n
it 
r
equires 848 kilogram
s (750 lb.) 
of 
v
egetative biom
ass per m
o
nth, 
e
a
ch 
a
c
r
e
 of S
ite A
 
w
o
uld provide 
0.5 
a
nim
al 
u
n
its per 
m
o
nth. 
T
his is th
e a
c
tu
al sto
cking r
a
te
 re
c
o
m
- 
m
ended fo
r S
ite A by 
th
e SCS 
o
n
 the basis of field
 c
riteria. 
In
 the 
c
a
s
e
 of S
ite B
, 
grazing w
a
s perm
itted 
o
n
 the 
site
 during 
m
o
st 
of 
the grow
i.?g s
e
a
s
o
n
. 
T
hus, 
it w
a
s 
n
o
t possible to
 e
stim
ate a
c
- 
tu
al m
axim
um
 production 
eith
er from
 
clipping data 
o
r
 radiance v
alues. 
B
ased 
o
n
 
a
n
 SCS 
field
 e
stim
ate of 
"good" 
ra
nge 
c
o
ndition class fo
r 
S
ite B
, 
how
ever, 
m
axim
um
 production 
should 
approxim
ate 3390 kilogram
s 
per hectare (3000 lb. 
per A
.). 
R
adiance 
v
alues from
 band 
5 
c
o
r
r
elated 
w
ith 
clipping data indicated approxim
ately 1665 kilogram
s 
of 
v
egetative 
biom
ass per hectare (1485 lb. 
per A
.) 
a
t
 S
ite B during the period 
of 
peak production 
o
n
 June 18, 1973. 
A
pplication of SCS field
 c
riteria a
t
 S
ite B indicated 
"
close" 
grazing 
o
n
 June 18, 1973, 
s
uggesting th
at m
o
re
 than the re
c
o
m
m
e
nded 
a
m
o
u
nt 
of 
forage had been 
re
m
o
v
ed. 
Follow
ing th
e re
c
o
m
m
e
nded 
m
a
n
age- 
m
e
nt practice of 
u
tilizin
g
 o
n
e
-fourth 
of 
th
e m
axim
um
 production per 
m
o
nth, 
approxim
ately 1013 kilogram
s (2250 lb.) 
of 
v
egetative biom
ass 
should have 
re
m
ained 
a
t S
ite B
 
o
n
 June 18, 1975. 
Instead, 
the e
s
ti- 
m
ate 
of 
v
egetative biom
ass from
 the 
radiance 
v
alues 
a
s
 w
ell 
a
s
 obser- 
v
a
ticns in
 th
e field
 indicated th
at 
"
closen grazing had 
re
m
~
v
ed ap- 
proxim
ately 
o
n
e
-half 
of 
the v
egetative biom
ass. 
T
hus, 
e
stim
ates 
of 
v
egetative biom
ass from
 LANDSAT-1 
w
e
re
 
c
o
r
r
e
-
 
lated w
ith
 clipping data 
a
nd w
ith SC
S 
ra
nge 
m
a
n
agem
ent 
re
c
o
m
m
e
ndations 
based 
o
n
 judgments 
in
 the field
. 
C
onclusion 
In
 the past, 
re
c
o
m
m
e
ndations fo
r sto
cking r
a
te
s have been based 
o
n
 £ield e
stim
ates 
of 
species 
c
o
z
~
~
o
sitio
n
 
a
nd 
th
e percent 
of 
v
egeta- 
tiv
e c
o
v
e
r, 
the best 
e
stim
ate of 
clim
atic c
o
nditions fo
r the grow
ing 
s
e
akon, 
a
nd 
e
xperience. 
N
orm
ally, 
the 
agencies involved in
 re
c
o
m
m
e
nd- 
ing 
m
a
n
agem
ent plans do 
n
o
t have the m
anpow
er 
o
r
 
re
s
o
u
rc
e
s
 
n
e
c
e
s
s
a
ry 
to
 c
o
llect s
u
fficien
t data 
o
n
 
v
egetative biom
ass through 
clipping 
studies. 
S
ince 
radiance 
v
alues 
a
cquired by 
LA
X
D
SA
T-1 
m
ay 
be inter- 
preted to
 give 
r
eliab
le e
stim
ates 
of 
v
egetative biom
ass, 
these data 
provide 
a
n
 
altern
ativ
e fo
r m
aking 
re
c
o
m
m
e
ndations for 
sto
cking 
r
a
te
s 
o
v
e
r large a
r
e
a
s
.
 
To be 
of 
n
a
xh~rlr, benefit, hcv~cver, LAt;DSAT 
~3ai:a 
m
u
st be 
a
v
ailable t
o
 decision m
akers 
within 
s
e
v
e
n
 to ten days 
after 
a
cquisition. 
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TABLE 
I. 
-
 COEFFICIENTS OF 
CORRELATION 
RELATING OPTICAL DEh3ITY VALUES 
OF 
POSITIVE TRANSPARENCIES FROM LANDSAT-1, 
BAND 5, 
TO VEGETATIVE BIO- 
MASS ON F
I
V
E
 T
EST SITES. 
Four 
sites o
nly. 
TABLE 11. 
-
 COEFFICIENTS OF CORRELATION RELATING 
RADIANCE VALUES 
F
ROM LANDSAT-1, BAND 
5, TO VEGETATIVE 
BIOMASS ON FIVE T
EST SITES. 
Correlation 
Coefficient 
.20 
.78 
.94 
.74 
.82 
Overpass 
Date 
,
1973 
May 
14 
June l* 
July 26 
August 
17 
September 22 
Vegetative 
Biomass 
Range, kg/ha 
134-684 
540-1167 
371-1444 
297-1432 
355-1413 
Overpass 
Date 
Sept. 
4, 
1972 
May 
14, 1973 
Aug. 
12, 1973 
July 5, 
1974 
Optical 
Density 
Range 
.74-. 84 
1.04-1.21 
.49-.67 
.29-.45 
.71-. 88 
Vegetative 
Bioi~lass 
Range, kg/ha 
825-2396 
380-684 
297-1432 
876-1944 
Radiance 
Value 
Range 
23.38-36.77 
36.33-45.53 
26.57-38.83 
29.48-47.68 
Correlation 
Coefficients 
-
.93 
-
.
 
92 
-
.
 83 
-
 
.79 
FIGURE 1.-VEGETATIVE 
BIOMASS PFODUCTION ON 
TWO SITES SHOWING UNGRAZED 
(SITE A) 
AND 
GRhZED (SITE B) 
PRODUCTION CURVES. 
Sam
pling D
ate 
